On the ionospheric perturbation associated with the 2007 Niigata Chuetsu-oki earthquake, as seen from subionospheric VLF/LF network observations by M. Hayakawa et al.
Nat. Hazards Earth Syst. Sci., 8, 573–576, 2008
www.nat-hazards-earth-syst-sci.net/8/573/2008/
© Author(s) 2008. This work is distributed under
the Creative Commons Attribution 3.0 License.
Natural Hazards
and Earth
System Sciences
On the ionospheric perturbation associated with the 2007 Niigata
Chuetsu-oki earthquake, as seen from subionospheric VLF/LF
network observations
M. Hayakawa1, T. Horie1, M. Yoshida1, Y. Kasahara1, F. Muto1, K. Ohta2, and T. Nakamura3
1Department of Electronic Engineering and Research Station on Seismo Electromagnetics, The University of
Electro-Communications, 1-5-1 Chofugaoka, Chofu Tokyo 182–8555, Japan
2Department of Electronic and Information Engineering, Chubu University, Kasugai Aichi, Japan
3Department of Physics, Kochi University, Kochi Kochi, Japan
Received: 23 May 2008 – Revised: 4 June 2008 – Accepted: 5 June 2008 – Published: 17 June 2008
Abstract. In order to investigate any precursory effect of
ionospheric perturbations associated with the large 2007 Ni-
igata Chuetsu-oki earthquake (16 July 2007) (magnitude,
6.8), we have made full use of our VLF/LF network obser-
vation in Japan by examing the four propagation paths; JJI
transmitter (Kyusyu, Ebino)-MSR (Moshiri, Hokkaido), JJY
transmitter (Fukushima)-MSR, JJY-KOC (Kochi) and JJI-
CBA (Tateyama, Chiba). For the former two paths of JJI-
MSR and JJY-MSR, we have observed signiﬁcant propaga-
tion anomalies (both a decrease in nighttime average ampli-
tude and an enhancement in nighttime amplitude ﬂuctuation
both satisfying the 2σ (σ: standard deviation) criteria) on 8–
9 July, about one week before the earthquake. However, the
lack of observation for the path from JJY-KOC, has enabled
us to make no conclusion for this path. On the other hand,
the path from JJI-CBA does not seem to be perturbed. Al-
though this earthquake is very big and shallow, the amount
of VLF anomaly for this earthquake is not so pronounced
as expected, probably because the epicenter is not unfortu-
nately located within the sensitive areas of any propagation
paths. These observational facts suggest that the lower iono-
sphere above the epicenter is perturbed deﬁnitely prior to the
earthquake, with radius of a few hundred kilometers.
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1 Introduction
There have been recently accumulated a lot of reports on
the electromagnetic precursory effects of earthquakes (EQs)
(e.g. Hayakawa, 1999; Molchanov and Hayakawa, 2002,
2007 and 2008). Among these seismo-electromagnetic phe-
nomena, the lower ionosphere has been found to be very
sensitive to seismic activity, as based on event and statis-
tical studies by means of subionospheric VLF/LF propaga-
tion anomalies (Molchanov and Hayakawa, 2007; Hayakawa
and Molchanov, 2008). Event studies include: (1) Kobe-EQ
(Hayakawa et al., 1996), (2) 2003 Tokachi-oki EQ (Shvets et
al., 2004; Hayakawa et al., 2005), (3) 2004 Niigata Chuetsu
EQ (Hayakawa et al., 2006; Yamauchi et al., 2007) and
(4) Indonesia Sumatra EQ (Horie et al., 2007a, b). Also,
there have been recently statistically conﬁrmed by Rozhnoi
et al. (2004) and Maekawa et al. (2006), who have found that
the subionospheric VLF/LF propagation anomaly takes place
prior to a large (magnitude, at least 5.5) EQ (i.e. (1) ampli-
tude decrease and (2) enhanced nighttime ﬂuctuation).
In this paper we present subionospheric VLF/LF propa-
gation results in order to study, by means of our Japanese
VLF/LF network observation, the perturbations in the lower
ionosphere prior to a recent large EQ named 2007 Niigata
Chuetsu-oki EQ.
2 2007 Niigata Chuetsu-oki EQ
The 2007 Niigata Chuetsu-oki EQ happened at 10:13:22L.T.
on 16 July 2007 with the epicenter located at the geographic
coordinates (37◦330N, 138◦360E). Its magnitude was rela-
tively large, M=6.8 and its depth was d=17km. The place of
this EQ is plotted in Fig. 1 as a red large star. The magnitude
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Fig. 1. Four VLF/LF subionospheric propagation paths used
for the analysis of seismo-ionospheric perturbations; JJI trans-
mitter (Kyusyu, Ebino)-MSR (Moshiri, Hokkaido), JJI-CBA
(Chiba, Tateyama), JJY transmitter (Fukushima)-MSR and JJY-
KOC (Kochi). The 5th Fresnel zone is plotted for each propagation
path. A large red star indicates the epicenter of the 2007 Niigata
Chuetsu-oki EQ. Finally, the pink area around the Niigata EQ epi-
center, is the possible region of ionospheric perturbation.
of this EQ is extremely large, which is worth studying the
related perturbations. However, you will ﬁnd that there have
been seismically active all over Japan during the period we
analyzed, so that we need careful examination of the data.
The EQ catalogue is taken from USGS.
3 Subionospheric VLF/LF network observation and
data analysis
Within the framework of the former NASDA’s Earthquake
Remote Sensing Frontier Project, we established a Japanese
VLF/LF network and it has been in operation since 1996
(Hayakawa et al., 2004). The VLF/LF network consists of
seven observing stations in Japan: (1) Moshiri (in Hokkaido)
(abbreviated as MSR), (2) Chofu, (3) Tateyama (Chiba)
(CBA), (4) Shimizu, (5) Kasugai (Nagoya), (6) Maizuru (Ky-
oto), and (7) Kochi (KOC). Our VLF/LF receiver consists of
the VLF and GPS antennas, the VLF pre-ampliﬁer, the Ser-
vice Unit, and the DSP card for the computer. The receiver
can log up to six transmitters at a time, logging phase and
amplitude with time resolutions ranging from 50ms to 60s.
We receive ﬁve VLF/LF transmitter signals (NWC (Aus-
tralia, f=19.8kHz), NPM (Hawaii, 21.4kHz), NLK (USA,
24.8kHz), JJY (Fukushima, 40kHz) and JJI (Kyushu, Ebino,
22.2kHz)) at each observing station. For the seismo-mode of
operation, we use the time resolution of 20s and we average
the data over 120s (2min) because the seismo-ionospheric
effect is a slow process. The data observed at each station are
transmitted to the master station at the University of Electro-
Communications every day. Fig. 1 illustrates the propaga-
tion paths used in this paper; JJI-MSR, JJI-CBA, JJY-KOC
and JJY-MSR. We have also plotted the 5th Fresnel zone for
each path, which means that when any ionospheric perturbed
region overlaps with this sensitive zone, we detect a certain
anomaly in subionospheric VLF/LF propagation.
The analysis of subionospheric VLF/LF data is described
here, though the details of our analysis have already been de-
scribed in Rozhnoi et al. (2004) and Maekawa et al. (2006).
We look at the diurnal variation of amplitude for each path,
A(t) (t: a particular time) on a particular day, and we pay
attention to the local nighttime (L.T.=20h ∼04h; UT=11h
∼19h). We make a running median (not mean) <A(t)>
at the time t during ±1month, and we use the following
residue,
1A(t) = A(t) − hA(t)i
in order to deduce the short-term variation by reducing the
seasonal effect. Then, we plot, in Fig. 2, (1) average ampli-
tude (trend) and (2) amplitude ﬂuctuation both during local
nighttime. Fig. 2 illustrates the temporal evolution of obser-
vational results during ±2months around the EQ day (indi-
cated by a vertical red line with EQ) for the relevant prop-
agation paths; from the top, (i) JJI-MSR, (ii) JJY-MSR, (iii)
JJY-KOCand(iv)JJI-CBA.Foreachpaththerearetwoplots;
upper panel on the nighttime ﬂuctuation and the lower panel,
nighttime amplitude trend. Nighttime ﬂuctuation is plotted
in arbitrary unit, and the dot-chain line indicates the 2σ (σ:
standard deviation over ±15days). The corresponding 2σ
line is given in a blue full line in the lower panel. As is
shown by Maekawa et al. (2006), the two physical proper-
ties, (1) amplitude decrease at night and (2) enhancement in
nighttime ﬂuctuation, are essential peculiarities for seismo-
ionospheric perturbations. In the plots for the path from JJI
to MSR, we can identify a deﬁnite precursory effect satis-
fying the criterion of 2σ for both the amplitude trend and
nighttime ﬂuctuation on 9 July, one week before the EQ. An-
other anomaly is also seen on 1 July, two weeks before the
EQ. Similarly, as is clearly seen from the propagation path
from JJI to MSR, there is one sharp peak with amplitude de-
crease exceeding the 2σ criterion and simultaneously with
nighttime ﬂuctuation enhancement exceeding 2σ line on the
day of 8 July, about one week before the EQ. The anoma-
lies for these two paths are extremely conspicuous. Next, we
study the results for the propagation path from JJY to KOC.
Unfortunately, the observation was not so successful (due to
some problems in the observation) during the period from 1
to 20 July including the EQ date, so that we cannot say any-
thing about the information on seismo-ionospheric perturba-
tion for this particular path. Finally, we look at the result
for the last propagation path from JJI-CBA in the bottom ﬁg-
ure of Fig. 2. There seems to exist no anomalous variations
during the period of 1 July to EQ date.
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When discussing the precursory signature of the Niigata
Chuetsu-oki EQ, we have to explain other peaks existing in
Fig. 2 with satisfying the 2σ criteria for both amplitude de-
crease and enhancement in nighttime amplitude ﬂuctuation.
These days are indicated by providing the date of VLF/LF
anomaly. We describe those anomalies on each path. First,
for the path of JJI-MSR, we ﬁnd the anomalies on 25 May,
20 August, and 5 September. The 1st anomaly on 25 May is
likely to be associated with an EQ in Hokkaido (magnitude
4.5), and the anomaly on May 25 on the path of JJY-MSR is
also likely to be the effect of the same EQ. The anomaly on
20 August is probably related to an EQ in Aomori on 25 Au-
gust. The anomaly on 5 September or so, will be discussed
later. We move on to the next path of JJY-MSR. An EQ in
Hakodate on 22 August (magnitude=5.6) is found to exist
just after the anomaly on 15 August. Then, the path of JJY-
KOC is discussed. There is only one anomaly on 15 Septem-
ber, which is likely to be a precursor to the EQ in Ibaraki on
20 September (magnitude=5.1). The last path of JJI-CBA is
treated. Before the Niigata-Chuetsu EQ there have been ob-
served three successive VLF anomalies on 25 May, 13 June
and 29 June, which are all probably likely to be the effect
of clustered EQs in Chiba area (as indicated by C in Fig. 1)
occurred on 4 June (magnitude 4.8), 20 June (magnitude 5.2)
and 3 July (magnitude 4.7), respectively. Finally, a huge
anomaly in early September nearly on all paths, is highly
likely to be associated with a huge meteorological typhoon
(#9 typhoon) which passed the main land of Japan (Honshu)
during a few days around the relevant date (5 September).
Because Sorokin et al. (2006) have found an evidence of ty-
phoons on the ionospheric perturbations as seen on the satel-
lites.
Here we investigate the geomagnetic activity (6Kp and
Dst) during the relevant period. Though not shown as a
graph, we have found that the value of 6Kp remained in a
range of 5–25 during the whole period (with one exception
of a little over 30 on 25 May). So that, we think that the geo-
magnetic activity has been relatively quiet during the period
of our analysis, and this indicates that the effect of geomag-
netic disturbances seems to be unlikely.
4 Discussion
First of all, we can conclude that some precursory signature
of the 2007 Niigata Chuetsu-oki EQ was deﬁnitely observed
on the two propagation paths form JJI-MSR and JJY-MSR
about one week before the EQ. Though the period we an-
alyzed was rather seismically active, so that there were so
many EQs all over Japan. The lead time obtained seems to
be consistent with our early results by Rozhnoi et al. (2004)
and Maekawa et al. (2006).
The VLF/LF propagation anomaly measured in both
nighttime ﬂuctuation and trend, is found to be exceeding the
corresponding 2σ lines, but it seems to be not so conspicuous
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Fig. 2. Temporal evolution of subionospheric VLF/LF propaga-
tion characteristics during ±2months around the EQ day (indicated
by a red vertical line with EQ). Four propagation paths are indi-
cated; JJI-MSR, JJY-MSR, JJY-KOC and JJI-CBA (from top to
bottom). In each plot, there are two plots; upper, nighttime ampli-
tude ﬂuctuation (in arbitrary unit) (with 2σ (σ: standard deviation
over ±15days) criterion in a dot-broken line), and lower, ampli-
tude trend (+increase, – decrease in amplitude) (with 2σ criterion
in a blue line). The time region with vertical pink color indicates
a possible precursor to the Niigata Chuetsu-oki EQ. C indicates the
epicenters of a few clustered EQs in the Chiba area.
as our expectation despite to the huge magnitude of this EQ.
This means that the main reason for this might be that the EQ
epicenter is located outside the Fresnel zone (wave sensitive
area) of any propagation paths. That the EQ epicenter should
belocatedwithintheFresnelzone, isofessentialsigniﬁcance
in obtaining signiﬁcant propagation anomaly exceeding well
above the 2σ criterion.
As based on the precursory anomalies deﬁnitely observed
on the propagation paths from JJI to MSR and from JJY
to MSR (and not so deﬁnite effect on the path from JJI to
CBA), we can infer the region of seismo-ionospheric pertur-
bation, which is plotted in Fig. 1 as a pink area around the
EQ epicenter. The red large star indicates the EQ epicenter,
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and we have drawn a nearly circular region. The radius of
this seismo- ionospheric perturbation is of the order of a few
hundred kilometers. This scale seems to be smaller than that
expected by any formula by Dobrovol’sky et al. (1979) or
Ruzhin and Depueva (1996), either of which gives us an ap-
proximate value of R∼ =900km for the given magnitude. The
experimental value is of the order of one third of these ex-
pectations. However, this observational scale is found to be
very similar to that for 2004 Niigata Chuetsu EQ (Yamauchi
et al., 2007).
The purpose of this paper is to present the observational
evidence (i.e. presence or absence, lead time, spatial scale
or so) on the ionospheirc perturbations associated with the
recent relatively large 2007 Niigata Chuetsu-oki EQ (magni-
tude 6.8), so that we do not go into the detailed discussion
on the lithosphere-ionosphere coupling mechanism. Please
refer to Hayakawa and Molchanov (2007) or Molchanov
and Hayakawa (2008), in which there have been proposed a
few possible coupling mechanisms; (1) chemical channel, in
which the atmospheric electric ﬁeld plays an important role
in the coupling and (2) acoustic channel, in which the atmo-
spheric oscillations (e.g. atmospheric gravity waves) play an
essential role in the coupling mechanism (Molchanov et al.,
2001).
5 Conclusions
The Japanese VLF/LF network observation has enabled us to
identify deﬁnitely the presence of ionospheric anomaly re-
lated to the huge 2007 Niigata EQ and also to indicate its
spatial scale.
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